Background-Patients on parenteral nutrition have an increased incidence of gall bladder sludge and gallstone disease, thought to be related to bile stasis. Intravenous lipid emulsions, especially those containing medium chain triglycerides, have also been shown to have a lithogenic eVect on the composition of bile in the gall bladder. Aims-To determine whether lipid infusion influences hepatic bile composition in patients with an indwelling T tube following cholecystectomy and choledochotomy. Methods-In eight patients undergoing the above surgical procedure, the time at which eVects of the interrupted enterohepatic circulation were minimal was determined. Twenty two cholesterol gallstone patients with bile fistula were then randomised to receive an infusion of a lipid emulsion containing either long chain triglycerides or a mixture of long and medium chain triglycerides. Results-Lipid infusion resulted in a significant increase in plasma levels of triglycerides and phospholipids. Both lipid emulsions caused an increase in hepatic biliary cholesterol level and cholesterol saturation index, but this eVect was more pronounced with medium chain triglycerides. The fatty acid composition of biliary phospholipids showed a significant enrichment of linoleic acid by both lipid infusions. Conclusions-Infusion of triglycerides causes lithogenic changes in hepatic bile composition in humans, the lithogenic eVect of infusion of medium chain triglycerides being more pronounced than that of long chain triglycerides. This eVect, coupled with gall bladder stasis, may be responsible for the increased risk of biliary sludge and gallstone formation in patients on long term lipid infusion. (Gut 1999;45:453-458) 
Several reports have shown an increased incidence of gall bladder disease in patients on long term parenteral nutrition. 1 2 In addition to biliary sludge, some patients develop gallstones and progress to symptomatic biliary disease. The most common explanation for these eVects is bile stasis caused by failure of gall bladder emptying, as a result of reduced secretion of intestinal hormones which are normally released after oral food intake. 3 4 This is supported by the finding that administration of cholecystokinin, which induces gall bladder contraction, can prevent the consequent complications. 5 6 However, studies in rats 7 8 and patients with non-cholesterol gallstones, 9 have shown that intravenous lipid infusion also increases bile lithogenicity by altering bile composition. More specifically, infusion of lipid emulsions containing medium chain triglycerides (MCT) had more pronounced eVects on gall bladder bile composition than emulsions containing long chain triglycerides (LCT) in noncholesterol gallstone patients. 9 Furthermore, administration of LCT to rats caused an increase in bile lithogenicity when given orally or intravenously. 8 A recent study in prairie dogs 10 showed that diets supplemented with MCT induced a significant increase in biliary cholesterol levels. These lithogenic eVects may contribute significantly to the development of cholesterol gallstones, particularly in patients on long term infusion of lipid emulsions. As the composition of gall bladder bile is determined by the hepatic bile as well as by absorptive processes within the gall bladder, current data do not allow one to determine whether the lithogenic eVect of lipid infusion stems from a direct eVect on hepatic bile composition or an indirect eVect on gall bladder bile. We postulate that intravenous lipid infusion can aVect hepatic bile composition.
Human hepatic bile can be obtained for metabolic studies from patients following cholecystectomy and choledochotomy who are left for medical reasons with a temporary indwelling biliary drainage in the form of a T tube. Biliary drainage, however, interrupts the enterohepatic circulation, and can result in bile acid deficiency. It disrupts the intestinal absorption of cholesterol, 11 12 and increases the conversion of cholesterol to bile acids in the liver. [13] [14] [15] Clamping of the T tube prior to its removal restores bile flow and the enterohepatic circulation, enabling the metabolic changes to revert to the preoperative state. The exact timeframe of these events is, however, controversial. Supersaturated bile, for example, becomes unsaturated with cholesterol within three days after T tube clamping, and the biliary lipid composition is believed to stabilise within a week. 16 In order to use T tube bile to study the eVects of lipid infusion on hepatic bile composition, knowledge of this timeframe is pertinent.
The present study was undertaken to determine the eVects of a short term infusion of two lipid emulsions (MCT/LCT and LCT) on lipid composition of plasma and hepatic bile of patients with cholesterol gallstones and a bile fistula. As hepatic bile was to be accessed via a T tube, we first investigated the sequence of events occurring during recovery of plasma and biliary lipids in these patients following biliary surgery.
Materials and methods

SUBJECTS
This paper will report the results of both phases of the study. Fourteen patients were included in study I. Eight were gallstone patients who had undergone cholecystectomy, choledochotomy, and T tube placement, based on surgical indications; two were withdrawn due to fever and diarrhoea during the study. In addition, six gallstone patients, who had undergone elective cholecystectomy, without choledochotomy served as controls.
Twenty seven patients with ultrasonography proved gallstones who were scheduled to undergo elective cholecystectomy, choledochotomy, and T tube placement were enrolled in study II. Results of three patients were excluded due to inadequate biliary lipid concentration. Eleven patients were infused with an MCT/LCT emulsion and eight with an LCT emulsion. Five additional cholesterol gallstone patients who had undergone the same surgical procedure served as controls and were infused with a 5% glucose-0.9% saline solution. All patients had cholesterol gallstones. Table 1 presents the demographic and clinical data of patients in both studies.
All patients, in both study groups, were well nourished and their hepatic, thyroid, and renal functions were within normal limits. Exclusion criteria were: obesity (BMI >2 SD of normal), recent weight loss (more than 10% during past six months), significant hypercholesterolaemia (cholesterol >2700 mg/l), hypertriglyceridaemia (triglycerides >2500 mg/l), diabetes mellitus, or cholangitis. The study was approved by the local ethics committee, and informed consent was obtained from each participant before enrolment in the study.
STUDY PROTOCOL
Study I: Postoperative stabilisation of plasma and hepatic biliary lipids
The study was initiated on the day when the T tube was clamped (6 (2) days after the operation). Bile samples were obtained immediately before clamping (C-0), as well as on the second (C-2), third (C-3), fourth (C-4), and sixth day (C-6) after clamping. Plasma samples were obtained before the operation as well as on C-0, C-2, C-4, C-6, and at check up approximately six months postoperatively. Plasma samples from the control patients were collected according to the same schedule, C-0 being the fourth postoperative day. All blood and bile samples were collected at 8 00 am after an overnight fast. Bile was collected by gravity from the T tube over 30 minutes each time. In between sampling the T tube was kept clamped throughout the study period.
Study II: EVects of lipid infusion
After 8 (3) days postoperatively, when the T tube had been clamped for about 5 (1) days, patients were randomised to receive an infusion of lipid emulsions in a double blinded manner. After an overnight fast patients were infused for six hours, at a rate of 0.2 g triglycerides (TG)/ kg/h (maximum 16.6 g TG/h) with either 20% MCT/LCT emulsion or 20% LCT emulsion, followed by 2000 ml of glucose-saline solution for 18 hours. During the study period, oral intake was restricted to clear fluids. Blood samples were withdrawn prior to and at the end of the six hour infusion period for determination of plasma lipids and lipoproteins. Hepatic bile samples were collected by gravity from the T tube for 30 minutes at time 0 and after 6, 9, and 24 hours. The first 5 ml of each bile sample was discarded. In between sampling, the T tube was kept clamped. The control group of patients was infused with 2500 ml glucosesaline solution for 24 hours; bile samples were collected at the same time points as for the study group.
BILE ANALYSIS An aliquot (1 ml) of the collected bile was frozen immediately at −70°C for subsequent lipid analysis, 17 performed within four weeks. Bile lipids were extracted as described by Folch et al. 18 Bile salt (BS) concentration was determined enzymatically, 19 cholesterol by the method of Abbell et al, 20 and phospholipids (PL) as described by Bartlett. 21 The cholesterol saturation index (CSI) was calculated using the critical tables of Carey. 22 The gross appearance and chemical analysis of the stones, as well as the presence or absence of cholesterol monohydrate crystals in the sediment, were used to classify stone composition. 23 PLASMA LIPID ANALYSIS Ten ml of venous blood was drawn into glass tubes containing EDTA (1 mg/ml blood) and were transferred to the laboratory on iced water for immediate separation by low speed refrigerated centrifugation (1000 g, 4°C) for 10 minutes. Sodium azide (1 mg/ml plasma) was added, and the plasma was then kept at 4°C for 28 (7) 25 (4) 29 (7) 28 (4) 27 ( up to five days prior to determination of total plasma lipids. 24 TG were determined using a commercial kit from Sigma Co. (USA); PL (phosphatidylcholine only), total, and free cholesterol were determined by kits from Boehringer Mannheim GmbH (Germany).
ANALYSIS OF BILE PHOSPHOLIPID FATTY ACID COMPOSITION
Aliquots of biliary lipid extracts were saponified with 0.5 M methanolic KOH for one hour at 50°C 25 and fatty acids were recovered after acidification by hexane extraction. The fatty acids were methylated with diazomethane according to Schlenk and Gellerman. 26 Methylesters were separated by gas liquid chromatography on a 30m PAG (poly alkylene glycol) column (Supelco, Bellefonte, Pennsylvania, USA; 0.25 µm film thickness) at a temperature range of 185-220°C using a Hewlett-Packard 5790A gas chromatograph equipped with a flame ionisation detector. The relative composition of a fatty acid mixture was calculated by a Hewlett-Packard 3390A integrator. For quantitative analysis, heptadecanoic acid was added as an internal standard, assuming that the response of the detector for all methyl fatty acids was identical. 
Results
STUDY I: POSTOPERATIVE STABILISATION OF PLASMA AND BILIARY LIPIDS
In all patients, plasma cholesterol levels decreased following operation (fig 1) . In patients with a bile fistula, there was a significant decrease (preoperation versus C-0, p<0.001); in the control group there was a similar trend (p=0.06). The relative decrease in plasma cholesterol level in patients with a bile fistula was 35% compared with 20% in the control group (p<0.05). Restoration of the enterohepatic circulation by clamping of the bile fistula resulted in a gradual (yet insignificant) increase in plasma cholesterol during the study period (from C-0 to C-6). By day 6 after clamping plasma cholesterol in patients with a bile fistula had reached a level equal to that of control patients. On the day of clamping the relative decrease was significantly larger in fistula patients than controls (p<0.05). At six months plasma cholesterol level reached preoperative levels.
After six months, plasma cholesterol levels had returned in both groups to preoperative levels. The increase in cholesterol was statistically significant (p<0.01 relative to the first postoperative measurement, C-0) and was due to an increase in both free and esterified cholesterol. The concentrations of plasma TG and PL remained constant throughout the study period and were not aVected by surgery or T tube clamping (data not shown). Table 2 shows the biliary lipid concentrations of patients with a T tube. On clamping day (C-0), following continuous drainage of bile from the day of surgery, all biliary lipid concentrations were low (table 2). Clamping of the bile fistula resulted in significant increases in BS (p<0.001), PL (p<0.05), and cholesterol concentrations (p<0.05). The increased level of biliary cholesterol correlated with the increase observed in plasma cholesterol (r=0.65; p<0.05). BS, PL, and total lipid concentrations reached a plateau value after two days of clamping, while the stabilisation of cholesterol occurred somewhat later, by day 3 (table 2). Concomitantly with the above changes, the CSI decreased during the initial two days (p<0.05). The cholesterol:PL ratio in bile decreased gradually, whereas bile flow increased insignificantly during the first four days after clamping (table 2) .
After assessing the optimal conditions for studying the hepatic bile composition, we investigated the eVects of lipid infusion on plasma and hepatic bile lipids.
STUDY II: EFFECTS OF LIPID INFUSION
Infusion of LCT as well as MCT/LCT lipid emulsions resulted in a significant increase in TG and PL concentrations in plasma (table 3). All plasma parameters returned to preinfusion levels after 24 hours (data not shown).
Infusion of both LCT and MCT/LCT aVected hepatic bile lipid composition, but the eVects of MCT/LCT were more pronounced (table 4). LCT and MCT/LCT infusions caused a significant increase in biliary cholesterol concentration (p<0.05), while PL did not change significantly. The cholesterol:PL ratio and CSI in the MCT/LCT group increased significantly (p<0.05), while the respective changes after LCT infusion were not statistically significant. Total lipid concentration decreased significantly (p<0.05) in both LCT and MCT/LCT infusions, but the decrease was more pronounced in the MCT/LCT group. The decrease in BS concentration was not significant. Bile flow remained unchanged throughout the study. In all groups, the parameters returned to preinfusion values after 24 hours. No changes were observed in hepatic bile lipid concentration of control patients infused with glucose saline only (table 4) .
Both lipid infusions aVected the fatty acyl composition of biliary PL as can be seen in table 5. A significant enrichment with linoleic acid (18:2) was seen after LCT (p<0.01) as well as MCT/LCT (p<0.05) infusions. This increase was accompanied by a decrease in palmitic (16:0) (significant for LCT infusion post (nine hours), p<0.05), arachidonic (20:4), and docosahexaenoic (22:6) fatty acids.
Discussion
In the present paper, we have studied the eVects of an intravenous lipid infusion on plasma and hepatic biliary lipids in cholesterol gallstone patients after biliary surgery. Infusion of lipid emulsions containing MCT caused an increase in hepatic biliary cholesterol concentration, bile lithogenicity, and altered the fatty acid profile of biliary phospholipids. These changes were accompanied by increases in plasma triglycerides and phospholipids.
Biliary lipid concentrations were measured in bile collected through a T tube. As drainage from a bile fistula may disturb the enterohepatic circulation, it was desirable to perform the study under conditions in which changes in bile lipids due to interrupted enterohepatic circulation would not seriously interfere with the changes induced by the lipid infusions. Therefore, we first defined the study conditions in a control group of patients who did not receive lipid infusion.
The results of the first study show that continuous drainage of bile through a T tube after cholecystectomy and choledochotomy notably decreases biliary lipids and to a lesser extent plasma cholesterol levels. Restoration of the enterohepatic circulation by clamping of the T tube resulted in an increase in both plasma and biliary lipid concentrations with a slight, insignificant increase in bile flow rate. Biliary lipids reached plateau values within three days. Similar results were reported by ShaVer et al 16 who found that clamping of the T tube resulted in restoration of the enterohepatic circulation within two to three days. Plasma cholesterol levels took longer to recover, but reached levels equal to control patients within six days after clamping. As bile flow is strongly associated with bile salt secretion, one might also expect an increase in the bile flow after reestablishment of the enterohepatic circulation. It has to be remembered, however, that the bile collec- tion period was only 30 minutes in our study and the results are expressed as ml per one minute. The bile flow rate varies during 24 hours and the calculation per one minute tends to minimise actual changes and might not accurately reflect the daily bile flow. This might explain the very moderate increase in bile flow found in our six patients. It should be noted that the eVects observed in the present study are due to a combination of T tube drainage and cholecystectomy. Cholecystectomy has been shown to have eVects similar to those observed in the combined situation, but to a significantly lesser extent. [27] [28] [29] The present study shows that the specific eVects of bile fistula on plasma and bile lipids are reversed in less than six days after T tube clamping. Therefore, studies examining the eVects of drugs, nutrients, or other substrates on bile should not be performed on bile collected from a continuously draining T tube, but on bile collected after clamping for a period of three to six days or longer. 30 31 Based on these conclusions we studied the eVects of short term lipid infusion on plasma and hepatic biliary lipids in cholesterol gallstone patients (study II) at least five days after T tube clamping, using each patient as his or her own control.
In plasma, similar to previous reports, 32 33 the lipid infusion resulted in a significant but short term increase in the levels of TG and PL.
Less is known about the eVects of lipid infusion on biliary lipid composition in humans. We have previously shown that lipid infusion, and MCT/LCT in particular, increases biliary cholesterol and total lipid concentration with a resultant increase in gall bladder bile lithogenicity in non-gallstone patients. 9 In the present study a significant rise in hepatic biliary cholesterol was shown following the administration of both lipid emulsions, but more with intravenous MCT/LCT lipid emulsion. More specifically, infusion of both lipid emulsions reduced the BS concentration and increased the cholesterol concentration in the bile (42% for MCT/LCT and 20% for LCT). These results reinforce our previous report 9 and support our hypothesis that MCT/LCT infusion increases gall bladder bile lithogenicity by directly aVecting hepatic bile composition and not only through gall bladder bile stasis. The assumption that the above eVects induced by infusion of lipid emulsions are not variations due to circadian rhythm of hepatic bile composition are supported by the lack of any eVect observed by glucose saline infusion in control patients.
The time for hepatic uptake, degradation of MCT, and its conversion to biliary cholesterol has not been measured in man. However, based on studies with radiolabelled tracers done in patients with a bile fistula with related compounds, it has been estimated that the labelled product appears in the bile within 1.5-10 hours postadministration. 31 Our data are based on bile collected at the end of six hours of constant infusion, which is within this time frame.
Previously, we have reported that infusion of MCT/LCT failed to show an eVect on gall bladder bile composition in cholesterol gallstone patients. 34 This is in contrast to nongallstone patients in whom the biliary cholesterol rose to a significantly higher level. 9 It is likely that in cholesterol gallstone patients the lack of change in gall bladder bile composition might be due to precipitation of the MCT/ LCT induced excess cholesterol within the gall bladder. The gall bladder bile of these patients is known to be saturated by cholesterol and to contain an excess of pronucleating and/or be deficient in antinucleating factors. This hypothesis is in agreement with the results of the present study, in which we could show the lithogenic eVects of MCT/LCT infusion on the composition of hepatic bile in cholesterol gallstone patients. Moreover, the above hypothesis is supported by the recent in vitro observation of van den Berg et al 35 who have shown that cholesterol gallstones act as a cholesterol sink for precipitation of cholesterol from saturated bile.
The mechanism by which fat emulsion containing MCT increases biliary cholesterol levels is unknown. It seems, however, to be related to the diVerent metabolic pathways of medium chain fatty acids compared with long chain fatty acids within the liver. 36 Beta oxidation of medium chain fatty acids to acetyl CoA units results in a surplus of building blocks for lipid synthesis, especially that of cholesterol. This suggestion of enhanced de novo synthesis in the liver of biliary lipids is supported by the finding that the fatty acid profile of bile phospholipids was altered by lipid infusion. The proportion of the essential fatty acid linoleic acid (18:2) increased significantly in hepatic biliary PL after infusion of both lipid emulsions. The rise was more pronounced after LCT infusion, as the amount of 18:2 in LCT is twofold higher than in the MCT/LCT emulsion and this fatty acid is not synthesised in the body. Similar results were obtained after feeding a diet enriched with phosphatidylethanolamine containing a high proportion of linoleic acid. 37 In conclusion, these results show that short term infusion of lipid emulsions containing LCT and MCT notably aVects biliary lipid composition, fatty acid profile, and bile lithogenicity. This eVect, shown especially by MCT, can contribute independently to biliary sludge formation by directly altering bile composition. The lithogenic eVect of long term infusion of this emulsion, coupled with gall bladder stasis, may lead to a greater risk of gallstone formation.
